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Review

Three general components of the work…

� Hire FTE for water resource data 
management

� Compile and organize available data

� Analyze existing hydrologic and 
hydrogeologic data 
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Review

� Board approved WRTAC/staff 
recommendations (12/06)

� Funds transferred to B&D budget (2/07)

� Staff (w/ HR) developed description of water 
resource data manager position, advertised, and 
interviewed (2/07 – 5/07)

Mr. Scott Sandberg hired 6/07
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Review

� Staff began identifying, compiling, and 
organizing available data (1/07)

� Staff developed SOW tasks to analyze and 
evaluate data and reviewed drafts with 
WRTAC  (2/07 – 6/07)
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Update

• Contracted with Emery & Garrett Groundwater, 
Inc.  and GeoTrans, Inc. to provide data in 
digital format from a combined total of  ~148 
hydrostudy reports these companies had 
submitted to the County since the 1980s

• County staff converted ~15 hydrostudy reports 
(from other contractors) into digital format

• All hydrostudy data added to database (7/07)

Entry of data from hydrogeologic studies
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Update

• Staff worked closely with County Procurement 
Office

• Time issue – RFP process would extend project well 
into 2008  (beyond WRTAC and BOS terms)

• Identified existing WMCOG contract with national 
engineering / environmental firm (CH2M Hill) that 
County could “ride” by way of WMCOG agreement

Hire independent consultant to analyze and 
assess hydrologic and hydrogeologic data
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Update

• Comprehensive Watershed Management Plan 
project (“CWMP” - funded w/ EPA grant) on 
approximately parallel track time-wise

• CH2M Hill had resources to accomplish both 
scopes of work and, therefore, the work was 
combined into 1 contract which was signed in 
early August

(Contracting continued)
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Update

• Contract deliverables and invoicing divided into 
“hydrologic assessment” and “watershed 
management” parts

• As part of contract, County staff would compile 
available data from multiple sources and 
conduct initial phase of statistical analyses on 
major data sets

(Contracting continued)
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Update

• All data and initial analyses by County provided 
to CH2M Hill for their review in early 
September

• CH2M Hill currently conducting additional 
analyses and evaluation/assessment of hydrologic 
and hydrogeologic conditions

(Contracting continued)
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Update

• Allows for schedule that completes hydrologic 
assessment before end of 2007 (during BOS and 
WRTAC terms)

• Efficiency of managing 1 contract vs. 2 separate 
contracts

and…..

Advantages of this contracting approach:
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Update

• Synergy of analyzing and conducting 
“hydrologic” and “watershed” work in close 
sequence.   Promotes more complete 
understanding of the water resources system 
and results in better final products for 
Loudoun County.



12

Summary of Combined Tasks

1. Compile available data from multiple sources

2. Hydrologic data analyses – (precipitation; stream 
flow and water quality; wells, groundwater levels, 
and quality; on-site sewage disposal; baseline and 
assessment of conditions)

3. Presentations to WRTAC, LWMSSC, and TLUC 
and report (draft and final)

Continued…



13

Summary of Combined Tasks

4. Characterize watershed conditions and identify 
focus areas

5. Develop watershed management goals and 
approaches

6. Evaluate County’s planning and implementation 
framework and develop basic watershed 
implementation plan

7. Presentations to WRTAC, LWMSSC, and TLUC 
and report (draft and final) 
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Flowchart of Combined Contract Tasks
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Approximate Schedule

Approximate Schedule of General Project Tasks

General Task J F M A M J J A S O N D J F M A

Develop work scope and contracting

Identify / compile available data →→→→ →→→→ →→→→ →→→→ →→→→ →→→→ →→→→ →→→→

Enhance data management system →→→→ →→→→ →→→→ →→→→

Hydrologic data analyses and report ▼

Characterize watersheds ●

Develop focus areas / management goals ●

Develop watershed management program ●

Evaluate planning / implementation framework

Develop basic implementation plan

Final report ▼

→→→→  On-going activity
▼  Report deliverable and presentation
●   Workshop

2007 2008



16

Data Management
PROVISIONAL 

RESULTS

� Existing water 
resource and related 
data identified from 
many sources

� Selected data 
incorporated into water 
resource data 
management system

� Organized data sets, 
queries, and analytical 
results available for use
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Data management
PROVISIONAL 

RESULTS

Raw Data 
Files

Reformatted 
Data Files

Each set of new or updated data 
requires reformatting and checking 
for completeness and accuracy 
before entry into database
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Data Management
PROVISIONAL 

RESULTS
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Initial Data Analyses

Types of Data Analyzed

� Precipitation

� Streams – stage/discharge and water quality

� Groundwater – wells, quantity, and quality

� On-site sewage disposal systems

� Other data for overall assessment of conditions
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Examples of Initial
Data Analyses

All example results are preliminary

and subject to revision
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Precipitation

National Climatic Data Center

• Five stations:  Mt. Weather (1948+), Lincoln 
(1930+), Sterling RCS (1977+), Dulles Airport 
(1963+), and The Plains in Fauquier County 
(1954+)

US Geological Survey

• Two real-time stations: Lovettsville & 
Limestone Branch (both 2002+)
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Precipitation
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Precipitation
PROVISIONAL 

RESULTS

31.7%30.5%32.8%29.7%24.7%% Days with precipitation

68.3%69.5%67.2%70.3%75.3%% Days with zero precipitation

4,5065,6553,4366,1896,807# Days with precipitation

9,70812,9097,03214,66320,770# Days with zero precipitation

14,21418,56410,46820,85227,577Total # days reported in POR

DullesThePlainsSterlingMt WeatherLincoln
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Precipitation
PROVISIONAL 

RESULTS

Annual Precipitation Summary
(Median, Min, Max for Station POR)
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Precipitation
PROVISIONAL 

RESULTS

Average Monthly Precipitation for Station POR
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Precipitation
PROVISIONAL 

RESULTS

Annual Precipitation for Station POR
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Precipitation
PROVISIONAL 

RESULTS

Maximum Daily Precipitation for Station POR
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Precipitation
PROVISIONAL 

RESULTS
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Precipitation
PROVISIONAL 

RESULTS

Deviation of Cumulative Annual Totals
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Precipitation
PROVISIONAL 

RESULTS
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Stream Stage-Discharge

� Stream flow at ten gaging stations

• Three long-term

• Seven since 2001

� Daily flow and 15-minute real time data

� Baseflow and low flow calculations

� Calculations of groundwater recharge
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Stream Stage-Discharge
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Stream Stage-Discharge
PROVISIONAL 

RESULTS
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Stream Stage-Discharge
PROVISIONAL 

RESULTS
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Stream Stage-Discharge
PROVISIONAL 

RESULTS

On-line Streamflow Duration

http://va.water.usgs.gov/duration_plots/daily/dp01638350.htm
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Stream Stage-Discharge
PROVISIONAL 

RESULTS

Mean Monthly Streamflow
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Stream Stage-Discharge
PROVISIONAL 

RESULTS
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Stream Stage-Discharge
PROVISIONAL 

RESULTS

Real-Time Data for Example Two-Day Period
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Stream Stage-Discharge
PROVISIONAL 

RESULTS

Baseflow Separation
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Stream Stage-Discharge
PROVISIONAL 

RESULTS

Baseflow Statistics

7Q10 - Seven-day, consecutive low flow with a ten year return frequency; the lowest stream flow 

for seven consecutive days that would be expected to occur once in ten years.
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Stream Flow and Recharge
PROVISIONAL 

RESULTS

Fitting Recession Index for Recharge Calculation



42

Stream Flow and Recharge
PROVISIONAL 

RESULTS

Estimated County-Wide 
Average Groundwater 
Recharge by Season 

(Calculated from Available 
Stream Flow Data)
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Stream Flow and Recharge
PROVISIONAL 

RESULTS

Average Calculation of Recharge from Streamflow
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Stream Flow and Recharge
PROVISIONAL 

RESULTS

Estimated Recharge in Watersheds with 
Multi-Year Stream Flow Records
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Stream Flow and Recharge
PROVISIONAL 

RESULTS

Calculation of Recharge Previously Published
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Stream Water Quality

• DEQ Data available for 142 sampling stations in
Loudoun County and contributing watersheds.

- 162 Parameters
- 88,000+ Individual analyses

• 19 stations have long sampling records and were 
chosen for further analysis.

• Analysis Includes:
Summary Statistics

- by Site
- by Month
- by Analyte
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PROVISIONAL 
RESULTS

Legend

DEQ Stations - All Stations

DEQ Stations - Long records

Loudoun County

BEAVERDAM CREEK

CATOCTIN CREEK

CUB RUN

LOWER GOOSE CREEK/LITTLE RIVER

MIDDLE GOOSE CREEK/PANTHER SKIN CREEK

NORTH FORK GOOSE CREEK

POTOMAC RIVER/BROAD RUN

POTOMAC RIVER/LIMESTONE BRANCH

POTOMAC RIVER/PINEY RUN/DUTCHMAN CREEK

SUGARLAND RUN

UPPER BULL RUN/LITTLE BULL RUN

UPPER GOOSE CREEK

Streams

0 4 8 12 162
Miles

Surface Water Quality 
Sampling Sites:  DEQ
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Stream Water Quality
PROVISIONAL 

RESULTS

Summary Statistics for DEQ Surface Water Quality Data
ParameterName Count Mean Median

Standard 
deviation

Coeff. of 
variation

Minimum Maximum Range
Lower 

quarti le
Upper 

quartile
Interquartile 

range
Stnd. 

skewness

Field Turbidity (NTU) 1100 13.74 6.20 53.14 387% 0.83 1540 1539.17 3.93 10.8 6.87 307.61

Specific Conductance (uS/cm) 1659 206.40 171.00 120.57 58% 31.1 1893 1861.9 135.2 235 99.8 61.1711

BOD 5 DAY (mg/L) 2981 2.39 2.00 2.57 107% 0.04 54 53.96 1 2 1 152.092

COD (mg/L) 2145 13.23 11.00 11.34 86% 0 181 181 7 16 9 121.035

pH (standard units) 1950 6.97 7.04 0.63 9% 0 10.28 10.28 6.69 7.39 0.7 -24.7585

Tot. Alkalinity as CaCO3 (mg/L) 1955 51.51 42.00 30.27 59% 0 321 321 30 66 36 28.409

Total Residue (mg/L) 2101 153.22 127.00 102.37 67% 0 2167 2167 102 177 75 159.905

Total Nitrogen (mg/L) 550 1.28 1.23 0.48 38% 0.18 3.21 3.03 0.92 1.56 0.64 5.43584

NH3-N Total (mg/L) 4585 0.25 0.10 1.06 428% 0 22.5 22.5 0.04 0.1 0.06 299.447

NO2-N Total (mg/L) 4120 0.06 0.01 0.49 830% 0 28 28 0.01 0.02 0.01 1225.59

NO3-N Total (mg/L) 3541 1.18 0.95 1.27 107% 0 27 27 0.49 1.5 1.01 139.759

Total Kjeldahl N (mg/L) 4122 0.78 0.40 3.56 458% 0.01 183.9 183.89 0.3 0.6 0.3 978.755

NO2 and NO3 N-TOTAL 1048 1.13 0.98 0.87 77% 0.02 9 8.98 0.55 1.5 0.95 34.7571

Total Phosphorous (mg/L P) 3344 0.11 0.10 0.18 161% 0.01 4.8 4.79 0.05 0.1 0.05 311.426

Dissolved PO4 (mg/L P) 1392 0.22 0.03 5.42 2510% 0 202 202 0.02 0.06 0.04 567.392

Total Organic Carbon (mg/L) 2201 6.31 5.10 4.52 72% 0 62 62 3.66 8 4.34 75.8208

Total Hardness (mg/L CaCO3) 1804 72.98 60.50 41.00 56% 0.45 523 522.55 47 89.55 42.55 47.477

Dissolved Calcium (mg/L) 37 15.14 14.00 9.84 65% 1 45.6 44.6 9.6 16.8 7.2 3.03151

Total Chloride (mg/L) 1567 17.64 11.50 22.06 125% 0 295 295 8.2 18.2 10 90.0417

Total SO4 (mg/L) 1487 15.95 14.30 8.57 54% 0 144 144 11.1 19 7.9 70.6968

Total Fluoride (mg/L) 399 0.18 0.12 0.13 72% 0.03 0.6 0.57 0.1 0.2 0.1 13.4323

Dissolved Silica (mg/L) 511 12.52 12.60 3.80 30% 2.1 40 37.9 10.1 15 4.9 5.16463

Dissolved Arsenic (ug/L) 29 0.75 0.21 1.48 198% 0.1 5 4.9 0.1 0.4 0.3 5.86973

Total Arsenic (ug/L) 306 3.78 2.00 3.39 90% 0 11 11 1 5 4 7.96366

Total Cadmium (ug.L) 319 7.48 10.00 4.16 56% 0 32.99 32.99 2.5 10 7.5 -0.2731

Dissolved Chromium (ug/L) 29 2.53 0.10 9.48 374% 0.1 50 49.9 0.1 0.18 0.08 10.6447

Total Chromium (ug/L) 392 11.40 10.00 10.23 90% 0 50 50 10 10 0 24.6907

Total Coppeer (ug/L) 390 13.33 10.00 11.46 86% 0 99.99 99.99 10 10 0 29.1161

Total Iron (ug/L) 132 484.00 350.00 380.48 79% 70 3010 2940 263.96 612.5 348.54 14.4879

Dissolved Iron (ug/L) 29 197.76 100.00 370.14 187% 15 2030 2015 85 174 89 10.3262

Dissolved Lead (ug/L) 29 0.61 0.10 1.52 250% 0.1 5 4.9 0.1 0.1 0 6.0425

Total Lead (ug/L) 373 8.06 8.00 10.25 127% 0 164.9 164.9 3 10 7 80.6338
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Stream Water Quality
PROVISIONAL 

RESULTS

Graphical Analysis of Individual Analyte (DO)

Jan
Feb

Mar
Apr
May
Jun
Jul

Aug
Sep
Oct
Nov
Dec

Box-and-Whisker Plot:
DEQ Stream Samples DO by Month

0 4 8 12 16 20
Dissolved Oxygen (mg/L)
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Stream Water Quality
PROVISIONAL 

RESULTS

Probability of Surface Water 
with NO3 > 10 mg/L (MCL)
is < 1%

Probability Plots Created for most Analytes

Normal Probability Plot
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Less than 1% of all
samples reported 
nitrate concentrations
greater than the MCL
of 10 mg/L.
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19.049.040.90.960.060.1270.300.26146Mercury

-1.132.840.10.100.0450.000.0341Atrazine (ug/kg)

4.256.0699910001253.67989.00208.5885Total PCBs (ug/kg)

0.674.0499.91000.128.26220.0029.0586Heptachlor (ug/kg)

2.375.7599910001305.965170.00290.9882Toxaphene (ug/kg)

160.9234.815054.950550.1538.66270.00131.5186Endrin (ug/kg)

-2.721.51119.91200.136.62930.0048.4886Dieldrin (ug/kg)

-1.981.2699.91000.132.01743.0051.5882DDT (ug/kg)

-2.080.86109.91100.132.81348.5051.6482DDE (ug/kg)

149.8733.204029.940300.1440.30750.00102.1982DDD (ug/kg)

-1.014.35120120035.90420.0030.97116Aldrin (ug/kg)

0.48-0.29189.991900.0139.94580.0081.6486PCP (ug/kg)

52.1014.84212212.3325.005.06121Thallium

68.4923.4433.1340.94.3041.002.27121Selenium

-1.150.76194002420048004525.450132001365065Aluminum

1.575.02273257.9815.009.6565Antimony

20.439.23233240730.66959.4061.22155Zinc

4.68-7.714511.3945.004.4479Silver

2.793.7439.9422.16.95314.0014.47154Nickel

1.302.5816251730105319.175670.00708.4076Manganese

182.9337.76281.62864.425.89314.5521.21154Lead

12.309.0283.5884.514.02920.8523.94154Copper

8.638.1567.775.17.412.91125.8027.09155Chromium

-3.781.139.94100.062.3961.002.59155Cadmium

-0.33-2.429.48100.521.7875.003.92122Berylium

29.5917.6849.1500.99.4025.007.49155Arsenic

Standard 
Kurtosis

Standard 
Skewness

RangeMaximumMinimum
Standard 
Deviation

MedianMeanCount

Statistical Analysis of DEQ Sediment Samples
PROVISIONAL 

RESULTS
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Groundwater and Wells

Two Sources of Groundwater Well Data:

� Health Department Data
• Over 19,000 total well records
• 16,000+ records with “Active” or “Installed”

status

� County Hydrogeologic Study Requirement
• 163 hydrogeologic study reports submitted 

since mid-1980s
• ~ 2000 total test wells
• Most hydrostudy test wells are included in 

Health Dept. records
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Groundwater and Wells
Legend

All Wells
Hydrostudy Wells

Bedrock Geology

Bedrock Class
Igneous
Igneous extrusive
Igneous intrusive

Metasedimentary
Metasedimentary,volcanic

Metavolcaniclastic
Sedimentary

0 3 6 9 121.5
Miles
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Groundwater and Wells
PROVISIONAL 

RESULTS

Types of Analysis:

� Comparison of HD dataset to Hydrostudy dataset

� Historical Trends in Well Data
• Well Depth by Year
• Static Water Level by Year
• Dry Holes

� Well Yield characteristics from Hydrostudy Data
• Yields
• Specific Capacity
• Transmissivity
• Storativity
• Yield Zones

� Well Data by Rock Classification
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Groundwater and Wells
PROVISIONAL 

RESULTS
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Groundwater and Wells
PROVISIONAL 

RESULTS

Airlift Yield (gpm)

Igneous

Igneous extrusive

Igneous intrusive

Metasedimentary

Sedimentary

Graphical Analysis of Physical Data
Airlift Yield by Rock Class (Hydrostudy Data)
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Groundwater and Wells
PROVISIONAL 

RESULTS

Airlift Yield (gpm)

Normal Probability Plot  
Airlift Yield (Hydrostudy Data)
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A well yielding 50 gpm
would exceed 87% of all
wells drilled as part of the
Hydrostudy requirement.



59

Groundwater and Wells
PROVISIONAL 

RESULTS

Specific Capacity (gpm/ft)

Specific Capacity by Rock Class (Hydrostudy Data)
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Groundwater and Wells
PROVISIONAL 

RESULTS

Depth of Primary Yield Zone (ft)

Igneous

Igneous extrusive

Igneous intrusive

Metasedimentary

Sedimentary

Depth of Primary Yield Zone 
by Rock Class (Hydrostudy Data)
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Groundwater Quality

Groundwater Quality Samples from
Health Department Permitting Requirements:

• Samples reported from over 4,700 wells

• 98 Analytes per sample

• More than 200,000 individual Analyses

• Only 25 of 98 analytes had >1% detections
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PROVISIONAL 
RESULTS

7589.63478.523.2983.30.0020.090.0030.0020.0111794Copper

437.6691.67139.51400.59.657.577.009.561474Sodium

7315.99456.333.5983.60.0020.100.0040.0020.0141793Zinc

1589.77187.88999.9510000.0543.314.795.0016.291789Turbidity**

809.31116.2815981600277.84119.2120.0132.61793TDS

2431.15245.29657.56602.527.138.810.013.31475Sulfate

523.74101.9428.75290.251.940.420.250.901474Nitrate

182.3451.511.99820.0020.150.070.110.141458Manganese

78.1436.6955.998560.0025.646.847.108.481475Magnesium

145.6855.3331.99320.013.130.840.982.131460Iron

1691.53199.128.058.30.250.370.280.250.331795Fluoride

1085.66159.929.659.70.050.490.090.050.191795Aluminum

2538.41228.02437.54402.516.264.82.58.11800Chloride

2071.77189.12629630124.3323.425.028.11475Calcium

717.5995.811093.811006.253.3896.5100.0106.41800Alkalinity

36.0415.3971250.707.547.607.581799pH*

Stnd. 
kurtosis

Stnd. 
skewness

RangeMaximumMinimum
Standard 
deviation

Geometric 
mean

MedianMeanCount

Summary Statistics for Groundwater Quality Results from National Testing Laboratories.
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Groundwater Quality
PROVISIONAL 

RESULTS

0 4 8 12 162
Miles

Legend
NTL Nitrate Results

Above Detection Limit

Above MCL (10 mg/L)

Highways

Streams

Watersheds
Beaverdam Creek

Broad Run

Bull Run

Catoctin Creek

Clarks Run

Cub Run

Direct to Potomac

Dutchman Creek

Limestone Branch

Lower Goose Creek

North Fork Catoctin Creek

North Fork Goose Creek

Piney Run

Quarter Branch

South Fork Catoctin Creek

Sugarland Run

Upper Goose Creek

Towns

Locations of groundwater samples with results above detection and MCL: Nitrate
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Groundwater Quality
PROVISIONAL 

RESULTS

Piper Diagram: 
Median Values by Geologic Map Unit
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On-Site Sewage Systems
PROVISIONAL 

RESULTS

No dispersal.10. Privy

Conditions placed on system, such as water conservation devices.9. Conditional

Aquarobic Mounds8. Experimental

No dispersal system. Tank is pumped.7. Pump & Haul

Systems permitted by state as Class 5 injection wells.6. Commercial/Class 5 Well

Discharges to sewage treatment plants. Tracking numbers will be "PSTP".5. Alternative Discharging

Pre-treatment units required prior to dispersal.4. Alternative Pretreatment System

Non-traditional dispersals, such as drip irrigation, mounds, peat, etc…3. Alternative Dispersal System Only

Traditional septic tank with above grade drainfield, pump required.2. Conventional (Pump)

Septic tank with traditional gravity fed drainfield.1. Conventional (Septic with Gravity)

Permit type descriptionPermit type (VDH-defined)

On-Site Waste Disposal Permit Types
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PROVISIONAL 
RESULTSOn-Site Sewage Systems
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On-Site Sewage Systems
PROVISIONAL 

RESULTS

8510. Privy

339. Conditional

408. Experimental

657. Pump & Haul

26. Commercial/Class 5 Well

375. Alternative Discharging

6014. Alternative Pretreatment System

3103. Alternative Dispersal System Only

15692. Conventional (Pump)

113931. Conventional (Septic with Gravity)

FrequencyPermit Type (VDH-defined)
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PROVISIONAL 
RESULTSOn-Site Sewage Systems

Distribution of system types prior to 1998 may not be accurate as those records have not yet been verified.
Low total system numbers in 1995-1996 due to paper records yet to be entered into digital database.
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Total Systems and System Types for
On-Site Waste Water Systems
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Initial Data Analyses

Other Preliminary Data
for Assessing Water
Resource Conditions
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Census count and 
population projections:
2000, 2005, 2010, 2015,
2020, 2025, and 2030
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Impervious Cover and 
Population
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Stream Assessment Studies
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Conventional Drainfield Potential
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Groundwater Recharge Potential
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Waste Water Treatment Plants
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Groundwater 
Withdrawals from 
Community Wells

(by subwatersheds
in gpd / acre)
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Groundwater 
Withdrawals from 
Residential Wells

(by subwatersheds
in gpd / acre)
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Potential Pollution Sources
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*** End ***
PROVISIONAL 

RESULTS

Drainfields Visible in Aerial 
Photograph and Overlay of 

Locations Plotted in GIS


